BACKGROUND. Nasal carriage of Staphylococcus aureus among hospital personnel is a common cause of hospital acquired infections. Emergence of drug resistant strains especially methicillin resistant S. aureus (MRSA) is a serious problem in hospital environment. Therefore, the aim of this study was to determine the prevalence of nasal carriage of Staphylococcus aureus its antibiotic susceptibility among healthcare workers (HCWs) in Ukraine. METHODS. This cross-sectional study was conducted from January to December 2017. The study included medical workers from 19 hospitals in different Ukrainian regions. Nasal swabs were taken from 755 randomly selected HCWs. The mean age of participants was 32.41 ± 8.29 years (range 19-74 years) with a male-tofemale ratio of 0.47. The isolates were identified as S. aureus based on morphology, Gram stain, catalase test, coagulase test, and mannitol salt agar fermentation. The sensitivity patterns of S. aureus strains were determined by disk diffusion method (Kirby -Bauer). The panel of antibiotics used in sensitivity tests included: penicillin, oxacillin, cefoxitin, amoxicillin/clavulanic acid, gentamicin, tobramicin, ciprofloxacin, levofloxacin, moxifloxacin, mupirocin, nitrofurantoin, vancomycin, teicoplanin, fosfomycin, clindamycin, erythromycin, rifampicin, linezolid, tetracycline, tigecycline, trimethoprim/sulphamethoxazole, and fusidic acid. Interpretative criteria were those suggested by the CLSI (Clinical and Laboratory Standards Institute). MRSA were confirmed by detection of the mecA gene by polymerase chain reaction. RESULTS. Nasal screening identified 31.1 % (235/755) S. aureus carriers. Of the 235 nasal carriers of S. aureus, 83.4 % (196/755) carried MSSA (methicillin-sensitive S. aureus) and 39/755 (16.6 %) carried MRSA. The frequency of MRSA and MSSA carriage also varied according to the department/ward. The highest prevalence of nasal carriage of MRSA was in the surgical wards. The staff of the general, pediatric, cardiovascular, neuro and orthopedic surgery wards together with the emergency department accounted for 56.4 % of all MRSA carriers. There was no significant difference between the sexes (p = 0.247), age (p = 0.817), and years of healthcare service (p = 0.15) with regard to the nasal carriage of MRSA and MSSA. In univariate analysis we divided the hospital departments into: emergency, internal medicine, pediatrics, ICUs, surgery, and non-medical units and found no significant difference between MSSA and MRSA carriers (p = 0.224). In the multivariate analysis, the occupation «nurse» was independently associated with MRSA carriage (p = 0.012, odds ratio 3.6, 95 % confidence interval 1.3-9.7). All the S. aureus isolates recovered from nasal carriers, were susceptible to linezolid, tigecycline, vancomycin, teicoplanin, and mupirocin. Susceptibility to the other antimicrobials was also on a high level: 98.3 % of strains were found susceptible to trimethoprim/sulphamethoxazole, 96.2 % -to nitrofurantoin, 95.3 % -to fusidic acid, 92.3 % -to fosfomicin, 88.5 % -to amoxicillin/clavulanic acid, 87.2 % -to tobramycin, 86.8 % -to clindamycin. Resistance to oxacyllin came up to 16.6 %. CONCLUSIONS. Nasal carriage of S. aureus appears to play a key role in the epidemiology and pathogenesis of infection. HCWs who are at interface between the hospital and the community may serve as agents of
INTRODUCTION
Staphylococcus aureus has been recognized as an epidemiologically important pathogen [1] [2] [3] [4] . S. aureus is a major cause of both nosocomial and community-acquired infections. Despite antibiotic therapy, staphylococcal infections occur frequently in hospitalized patients and have se vere consequences [1, 2] . About 35-40 % of patients undergoing surgery acquire at least one nosocomial S. aureus infection [3] , leading to increased morbidity, mortality, hospital stay, and costs [5] . S. aureus is an opportunistic microorganism and can cause severe infection. Its oxacillin-resis tant form (meticillin-resistant S. aureus, MRSA) has been the most important cause of antimicrobial resistant healthcare-associated infections worldwide [1, 2] . Over the past decades, the incidence of MRSA in surgical site infections, bloodstream infections, and pneumonia has increased significantly [6, 7] . MRSA is the most commonly identified antimicrobial-resistant pathogen in hospitals in many parts of the world [1-4, 8, 9] . MRSA strains are highly prevalent in Ukrainian hospitals, those strains account for approximately 50 % of all S. aureus isolates recovered from health care infections [3, 4, 10] . In Europe, the proportion of MRSA isolates in infected patients varied in 2015 from less than 0 % to more than 57.2 %, with a pooled mean rate of around 16.8 %. [2] . In the United States, the proportion of methicillin resistance in S. aureus strains approached almost 60 % in 2003, with an average rate of resistance over the period 1998-2002 of around 50 % [8] . In 2007, a Mediterranean study found that the highest proportions of MRSA were reported by Egypt (52 %), Cyprus (55 %), Algeria (45 %), Malta (50 %) and Jordan (56 %), in comparison to other Mediterranean countries such as Lebanon (12 %), Tunisia (18 %) and Morocco (19 %) [9] . MRSA strains are considered to be endemic in many hospitals throughout the world and are now responsible for approximately 40-60 % of healthcare-associated infections [10, 11] . Compared to methicillin-sensitive S. aureus (MSSA) , various studies have revealed that infection due to MRSA is associated with significant morbidity, mortality, length of hospital stay, and medical costs [12] . For example, the rate of death due to MRSA (11.8 %) was considerably higher than that due to MSSA (5.1 %) [13] . S. aureus is both a commensal bacterium and a human pathogen. S. aureus colonizes various niches of the human body, but the primary colo nization site is the anterior nares. The anterior nares are the main reservoir of MRSA, although other body sites are frequently colonised, such as the hands, skin, axillae, and intestinal tract [14, 15] . Approximately 30 % of the human population is colonized with S. aureus [16] . It is estimated that 20-30 % of individuals are persistent carriers of S. aureus, around 30 % are intermittent carriers, and 40-50 % are noncarriers [17] . Nasal carriage among healthcare workers (HCWs) is the main source for the transmission of MRSA and most S. aureus among patients within and between wards [18] . MRSA carriers create major problems for critically ill patients (e.g., intensive care unit (ICU) patients. Nasal carriage of S. aureus among hospital personnel is a common cause of hospital acquired infections. Approximately 5 % of colonised HCWs develop clinical infections [15] and symptomatic MRSA infections among HCWs have been described in several case reports [19] . Emergence of drug resistant strains especially MRSA is a serious problem in hospital environment. Since it is well known that S. aureus can be found as part of the nasal microbiota without causing overt disease, this carrier state may also be an important factor for dissemination from physicians and nurses to patients and vice-versa [20] . Despite the possible role that HCWs may perform in dissemination of MSSA [5] . In particular, screening for and eradication of MRSA from colonized HCWs have been recognized and recommended as an important part of a comprehensive infection control policy for this organism. Screening of HCWs for early and rapid identification of MRSA carriage is recommended for reducing the spread of MRSA within hospitals [21] . Objective -to determine the prevalence of nasal carriage of Staphylococcus aureus its antibiotic susceptibility among health care workers in Ukraine.
MATERIALS AND METHODS

Setting and design
The study included medical workers from 19 hospitals in different Ukrainian regions. Nasal swabs were taken from 755 randomly selected healthcare workers (doctors, nurses and other health care workers). From January to December 2017, participants were recruited on a voluntary basis during their regular activities. Medical stu dents were excluded from the study. An informed consent form was made available to each par ti cipant who also completed a questionnaire regarding demographic data (sex, age and specialty as appropriate). Exclusion criteria for the population under study were the current presence of diseases compatible with S. aureus infections such as impetigo, skin and soft tissue infections, sinusitis, otitis or rhinitis, or antibiotic use within the previous three months.
Microbiological methods
Specimens were taken from the subjects in the following way: a sterile moistened swab was inserted into each nostril in turn, to a depth of approximately 1 cm, and rotated five times [23] . For each specimen, both nostrils were sampled using the same swab. The swabs were immediately transported to the microbiology laboratory for further processing. Specimens were inoculated onto Blood agar and incubated overnight at 37 °C for 24 h. The isolates were identified as S. aureus based on morphology, Gram stain, catalase test, coagulase test, and mannitol salt agar fermentation. MSSA strains were differentiated from MRSA using agar screen plates (Mueller -Hinton agar) containing 2 μg/ml oxacillin with 4 % NaCl. Isolates with growths on the plates with 2 μg/ml of oxacillin were considered as a MRSA, while isolates that did not grow in the antibiotic-containing medium were considered as MSSA.
Antibiotic susceptibility determination
The sensitivity patterns of S. aureus strains were determined by disk diffusion method (KirbyBauer). The panel of antibiotics used in sensitivity tests included: penicillin, oxacillin, cefoxitin, amoxicillin/clavulanic acid, gentamicin, tobramicin, ciprofloxacin, levofloxacin, moxifloxacin, mupirocin, nitrofurantoin, vancomycin, teicoplanin, fosfomycin, clindamycin, erythromycin, rifampicin, linezolid, tetracycline, tigecycline, trimethoprim/ sulphamethoxazole, and fusidic acid (Himedia, India). Interpretative criteria were those suggested by the CLSI (Clinical and Laboratory Standards Institute) [22] . MRSA were confirmed by detection of the mecA gene by PCR (polymerase chain reaction). To analyze sensitivity patterns of MRSA strains more precisely, minimum inhibitory concentration (MIC) of methicillin (oxacillin) were determined by the E-test method (AB Biodisk, Sweden). The isolates were incubated overnight, following which the sensitivity breakpoints for MIC were determined. The sensitivity breakpoints for MIC and the antibiotic disk diffusion method were interpreted according to the manufacturer's instructions (AB Biodisk, Sweden) and the BSAC (British Society for Antimicrobial Chemotherapy) guidelines, respectively [23] .
Statistical analysis
Data obtained were transferred for further analysis into computer software WHONET 5.1 (© 1989-2001, World Health Organization. All rights reserved. Freeware downloadable from http:// www.who.int/drugresistance/whonetsoftware/en/). The analysis of statistical data was performed using Microsoft Excel. Personal IBM-computer, running Microsoft Windows, was used during the study. The odds ratios (OR), 95 % confidence interval (CI), and p-value were calculated. P-value for the variables analyzed in each case were calculated by the Fisher exact test and the Chi square test. Value of p < 0.05 were considered statistically significant.
Ethical considerations
Informed oral consent was obtained from all study staff prior to specimen collection. The study was approved by the Ethics Committee of Shupik National Medical Academy of Postgraduate Education. Ethical considerations including privacy of personal data were considered during all steps of the research. Table 1) . The highest prevalence of nasal carriage of MRSA was in the surgical wards. The staff of the general, pediatric, cardiovascular, neuro and orthopedic surgery wards together with the emergency department accounted for 56.4 % of all MRSA carriers. In univariate analysis we divided the hospital departments into: emergency, internal medicine, pediatrics, intensive care unit (ICU), surgery, and nonmedical (laboratory, offis personnel, and paramedical staff) units and found no significant difference between MSSA and MRSA carriers (p = 0.224). Table 2 shows results of univariate and lo gistic regression analysis of potential risk factors for nasal carriage of MSSA and MRSA. There was no significant difference between the sexes (p = 0.247), age (p = 0.817), and years of healthcare service (p = 0.15) between those with nasal carriage of MRSA and MSSA. The other variables studied were occupation (nurse, auxiliary nurse, and non-medical personnel) of HCWs. There was a significant difference between nasal carriage of MRSA and MSSA (p = 0.032) with regard to occupation. In the multivariate analysis, the only significant independent risk factor for nasal carriage of MRSA versus MSSA was the occupation «nurse» (odds ratio 3.6, 95 % confidence interval 1.3-9.7; p = 0.012). The sensitivity of S. aureus isolates to the tested antibiotics is shown in Table 3 . Overall, 1 9 6 ( 8 3 . 4 % ) i s o l a t e s w e re M S S A a n d 39 (16.6 %) were MRSA. As a result of studying of staphylococci tested strains susceptibility to antibiotics it was established, that based on antimicrobial susceptibility analysis, the most active antibiotics found in the study were linezolid, tigecycline, vancomycin, teicoplanin, resistant to oxacyllin, suggesting previously shown evidences on multiple antimicrobial resistance among staphylococci, resistant to oxacyllin.
RESULTS
During
DISCUSSION
There is a paucity of information on the role of human carriage among HCWs, personnel that could easily carry and spread S. aureus strains to patients. To the best of our knowledge, the current study is the first on prevalence of S. aureus and MRSA among HCWs in Ukrainian hospitals. Laboratorybased screening for MRSA colonisation of HCWs is a key element in enabling control measures and early therapeutic decisions. An overview of the published work highlights that carriage of MSSA or MRSA in HCWs occurs at a variable rate in countries with very different public health and social structures, however, there is no simple way to predict carriage rates on the basis of the mentioned variables [11, 14, 16, 18, 21, [24] [25] [26] [27] . Differences in the prevalence of nasal carriage of S. aureus strains may be due in part to differences in the quality and size of samples and the use of different techniques and different interpretation guidelines. Our study of nasal carriage in HCWs in a local public hospital showed that 31 % of the personnel carried S. aureus [26, 27] , of whom 16.6 % accounted for MRSA [16, 26, 27] [28, 29] . Thus, this is a major problem in the treatment of S. aureus infections. PCR testing confirmed that all MRSA strains isolated from our HCWs were mecA gene-positive. This study was preliminary and the initiation of further molecular studies is required to track mecA in our isolates.
Healthcare workers are likely to be important in the transmission of MRSA, but more frequently act as vectors, rather than being the main sources of MRSA transmission [15, 30] . The most important mode of MRSA transmission is through contamination of the hand [31] . An alternative mechanism of transmission is airborne dispersal of staphylococci in association with an upper respiratory tract infection. Colonised HCW are most often transiently colonised, but they may become persistent carriers if they have chronic dermatitis or sinusitis, and this may lead to prolonged MRSA transmission [32] .
Whilst routine screening of all potential inpatients at risk is receiving increasing political support, the procedures of screening and decolonisation for colonised HCWs remain controversial [15] . Other issues related to the management of colonised HCWs have been raised in the literature, including the questions of the optimum timing of HCW screening and whether and for how long colonised HCWs should be excluded from work [15] . Work restrictions for HCWs colonised with MRSA differ geographically, ranging from being allowed to work without restrictions other than compulsory hand hygiene, to being removed from clinical duties or being forced to take leave of absence [15] .
CONCLUSIONS
Nasal carriage of S. aureus appears to play a key role in the epidemiology and pathogenesis of infection. HCWs who are at interface between the hospital and the community may serve as agents of cross contamination of hospital acquired and community acquired MRSA. Laboratory-based screening for MRSA colonisation of HCWs is a key element in enabling control measures and early therapeutic decisions. It is of importance to follow the evolution of resistance to antibiotics in this species, especially to β-lactams.
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